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A Interpretation of Scale Measures when (Net) Rev-

enue or Profit is Negative

As noted in Section 2, either π(yi,wi) or π(δyi,wi)—or R(yi,wi) or R(δyi,wi)—might be

negative, affecting how the magnitude of estimates of Eπ,i and ER,i are interpreted. Thus there

are four cases to consider. In the discussion that follows, consider the scale measure Eπ,i based

on the profit function; similar reasoning applies to the scale measure ER,i based on the revenue

function.

In the most common scenario, π(yi,wi) > 0 and π(δyi,wi) > 0, and this case is discussed

in Section 2. The other three cases are infrequent, and arise when π(yi,wi) < 0 or π(δyi,wi) <

0. We consider each of the three possible cases here.

1. π(yi,wi) < 0, π(δyi,wi) > 0.

In this case, increasing output levels by a factor δ > 1 increases profit. Also in this

case, (2.6) can be written as (1−Eπ,i)δπ(yi,wi) = π(δyi,wi), implying Eπ,i > 1. Hence

RTS are increasing in this case. If Eπ,i = 1.05 and δ = 1.1, then increasing output levels

by 10 percent leads to profits increasing by 100 + (1 − 1.05) × 100 = 105 percent from

an initial negative value to a positive value. Alternatively, (2.6) can be rearranged to

show the difference π(δyi,wi)− δπ(yi,wi) > 0 equals Eπ,iδ|π(yi,wi|; if Eπ,i = 1.05 and

δ = 1.1, then increasing output levels by 10 percent increases profit to a positive level

equal to (1 − 1.05) × 1.1 = 0.55 times the magnitude of the profits that were negative

before the increase. Whether the increase is big or small in absolute terms depends on

the starting point, i.e., the magnitude of π(yi,wi).

2. π(yi,wi) > 0, π(δyi,wi) < 0.

In this case, increasing output levels by a factor δ > 1 decreases profit. Since π(yi,wi) >

0, (2.6) can again be rewritten as (1 + Eπ,i)δπ(yi,wi) = π(δyi,wi). Clearly, Eπ,i < −1

since π(δyi,wi) < 0. Hence RTS are decreasing in this case. If Eπ,i = −1.05 and δ = 1.1,

then increasing output levels by 10 percent reduces profit by 100+(1+Eπ,i)δ×100 = 105.5

percent. As in the previous case, whether the absolute change in profit is big or small

depends on the starting point.

3. π(yi,wi) < 0, π(δyi,wi) < 0.

Using reasoning similar to that in footnote 2 in the paper, profit (increases, remains
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unchanged, decreases) as Eπ,i (>,=, <)1 − δ−1 ≈ 0.09091 for δ = 1.1. In this case we

also have again (1− Eπ,i)δπ(yi,wi) = π(δyi,wi). Since both profit terms are negative,

Eπ,i < 1 and returns to scale are either increasing, constant, or decreasing depending on

whether Eπ,i is greater than, equal to, or less than 0. Increasing output levels by a factor

δ causes profits to fall by a factor (1−Eπ,i)δ; for If Eπ,i = 0.05 and δ = 1.1, a 10 percent

increase in output levels results in profits that are still negative, but 4.5 percent greater

than before the increase in output.
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B Summary Statistics for Data Used for Estimation

As mentioned in the paper, we estimate several specifications in addition to the cost, revenue

and profit models described in Section 3 of the paper. All together, we estimate 8 different

models—2 cost functions, 2 revenue functions, and 4 profit functions. In subequent appen-

dices, we number these models 1–8, with models 1, 3, and 5 corresponding to the cost, revenue

and profit functions described in Section 3. In the tables that follow, we denote the dependent

variables for these models as C1, R1, and π1 respectively. In model 2, cost (C2) is measured

by total interest expense plus total non-interest expense. Similarly, in model 4 revenue (R2)

is measured by total interest income plus total non-interest income. In models 6–8, profit is

measured by π2 = R1 − C2, π3 = R2 − C1 and π4 = R2 − C2 (whereas in model 5 profit is

measured by π1 = R1 − C1). Results for estimated returns to scale given below in Appendix

E are broadly qualitatively similar across the sets of specifications for cost, revenue and profit

functions.

Table B.1 gives correlations for the dependent variables used in each of the 8 models

described above. Table B.2–B.5 give summary statistics for left-hand and right-hand side

variables used in Models 1–8 over the 4 quarters in which returns-to-scale are estimated (i.e.,

1986.Q4, 1996.Q4, 2006.Q4, and 2015.Q4). Table B.6 gives similar summary statistics over

the 117 quarters used for estimation (i.e., 1986.Q4–2015.Q4). All dollar amounts have been

converted to constant 2015 dollars using the quarterly, seasonally adjusted, gross domestic

product implicit price deflator.

Figure B.1 shows kernel density esitmates of log total assets for 1986.Q4, 1996.Q4, 2006.Q4

and 2015.Q4. The esimates displayed in Figure B.1 illustrate the evolution of bank sizes over

the period covered by our sample; i.e., the distribution of bank sizes has shifted rightward

over time.
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Table B.2: Quantiles and Means for Variables used in Estimation, 1986.Q4

0.01 0.25 0.50 Mean 0.75 0.99

C1/W1 1.4285E+04 4.8580E+04 9.0857E+04 7.0159E+05 1.8405E+05 1.1684E+07
C2/W1 1.6762E+04 5.7208E+04 1.0817E+05 8.3290E+05 2.1925E+05 1.4208E+07
R1 −3.2161E+03 2.6552E+03 5.3853E+03 4.7041E+04 1.1450E+04 7.2623E+05
R2 8.2147E+02 3.3081E+03 6.3493E+03 5.1503E+04 1.2755E+04 7.8661E+05
π1 −1.1057E+07 −1.7302E+05 −8.5864E+04 −6.5455E+05 −4.5699E+04 −1.3489E+04
π2 −1.3692E+07 −2.0839E+05 −1.0242E+05 −7.8586E+05 −5.4381E+04 −1.5760E+04
π3 −1.0964E+07 −1.7129E+05 −8.4585E+04 −6.5009E+05 −4.5199E+04 −1.3274E+04
π4 −1.3650E+07 −2.0665E+05 −1.0157E+05 −7.8140E+05 −5.4012E+04 −1.5679E+04

Y1 9.4970E+01 2.7478E+03 6.5611E+03 5.4197E+04 1.4842E+04 9.4352E+05
Y2 6.0057E+02 5.6446E+03 1.1661E+04 1.7275E+05 2.5399E+04 2.4975E+06
Y3 2.9062E+02 5.0820E+03 1.2893E+04 9.0136E+04 3.0702E+04 1.4840E+06
Y4 3.8996E+03 1.5778E+04 3.1069E+04 1.9748E+05 6.4592E+04 2.8690E+06
Y5 2.1739E+01 1.8319E+02 4.0705E+02 8.0615E+03 1.0033E+03 1.1912E+05
W1 2.9941E−02 4.7824E−02 5.2315E−02 5.1871E−02 5.6474E−02 6.9519E−02
W2 2.4148E+01 3.8039E+01 4.4386E+01 4.8134E+01 5.3449E+01 1.1244E+02
W3 5.0803E−02 2.1430E−01 3.2525E−01 5.2831E−01 5.3877E−01 3.2728E+00
W2/W1 4.3850E+02 7.1662E+02 8.6105E+02 9.7204E+02 1.0762E+03 2.6353E+03
W3/W1 9.5988E−01 4.0663E+00 6.3178E+00 1.1330E+01 1.0651E+01 7.5292E+01
X3 2.8957E+01 4.4644E+02 1.0862E+03 8.1347E+03 2.5143E+03 1.3590E+05
EQUITY 4.6844E+02 3.0110E+03 5.7012E+03 3.2222E+04 1.1211E+04 5.3531E+05
NPER 3.4032E−04 1.6663E−02 3.1966E−02 4.4983E−02 5.6878E−02 2.1259E−01
TIME 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00

ASSETS 9.3010E+03 3.4814E+04 6.7352E+04 5.1436E+05 1.3537E+05 8.0312E+06

NOTE: Dollar figures are given in thousands of constant 2015 dollars.
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Table B.3: Quantiles and Means for Variables used in Estimation, 1996.Q4

0.01 0.25 0.50 Mean 0.75 0.99

C1/W1 1.9638E+04 6.8268E+04 1.3051E+05 1.2362E+06 2.7415E+05 1.2393E+07
C2/W1 2.4015E+04 8.1068E+04 1.5610E+05 1.5254E+06 3.3136E+05 1.5835E+07
R1 7.4775E+02 3.5114E+03 6.9199E+03 7.2351E+04 1.4604E+04 7.1875E+05
R2 8.7486E+02 3.6294E+03 7.1503E+03 7.4768E+04 1.5053E+04 7.3635E+05
π1 −1.1712E+07 −2.6014E+05 −1.2354E+05 −1.1639E+06 −6.4618E+04 −1.8718E+04
π2 −1.5166E+07 −3.1588E+05 −1.4894E+05 −1.4530E+06 −7.7339E+04 −2.3150E+04
π3 −1.1658E+07 −2.5979E+05 −1.2339E+05 −1.1614E+06 −6.4476E+04 −1.8707E+04
π4 −1.5151E+07 −3.1585E+05 −1.4849E+05 −1.4506E+06 −7.7178E+04 −2.3115E+04

Y1 2.6258E+02 2.6478E+03 5.8175E+03 8.8979E+04 1.3725E+04 8.9102E+05
Y2 5.0755E+02 6.0800E+03 1.2481E+04 1.9537E+05 2.5904E+04 1.4277E+06
Y3 7.8824E+02 1.0595E+04 2.5656E+04 2.1970E+05 6.4027E+04 2.7739E+06
Y4 4.1874E+03 1.7792E+04 3.3857E+04 3.1128E+05 7.0037E+04 3.0415E+06
Y5 3.3334E+01 2.4517E+02 5.6283E+02 1.6617E+04 1.4214E+03 1.4524E+05
W1 1.9594E−02 3.2982E−02 3.7037E−02 3.6638E−02 4.0576E−02 5.0377E−02
W2 3.0004E+01 4.4822E+01 5.2365E+01 5.6208E+01 6.2693E+01 1.2609E+02
W3 6.3216E−02 1.9908E−01 2.9122E−01 5.2205E−01 4.6896E−01 2.8226E+00
W2/W1 7.5975E+02 1.1952E+03 1.4391E+03 1.5908E+03 1.8106E+03 3.9926E+03
W3/W1 1.6388E+00 5.3958E+00 8.1142E+00 1.5264E+01 1.3369E+01 9.0522E+01
X3 3.2687E+01 5.1065E+02 1.3453E+03 1.3182E+04 3.3807E+03 1.3020E+05
EQUITY 1.0588E+03 4.5069E+03 8.5316E+03 6.7811E+04 1.7396E+04 6.7885E+05
NPER 0.0000E+00 7.2233E−03 1.4046E−02 1.8648E−02 2.4139E−02 8.1476E−02
TIME 4.1000E+01 4.1000E+01 4.1000E+01 4.1000E+01 4.1000E+01 4.1000E+01

ASSETS 1.0925E+04 4.4322E+04 8.5241E+04 8.1747E+05 1.7826E+05 7.7399E+06

NOTE: Dollar figures are given in thousands of constant 2015 dollars.
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Table B.4: Quantiles and Means for Variables used in Estimation, 2006.Q4

0.01 0.25 0.50 Mean 0.75 0.99

C1/W1 2.7372E+04 1.0834E+05 2.1287E+05 2.8111E+06 4.7847E+05 1.9688E+07
C2/W1 3.4790E+04 1.3144E+05 2.5476E+05 3.3825E+06 5.7645E+05 2.4183E+07
R1 7.5553E+02 4.1226E+03 8.7530E+03 1.5337E+05 2.0892E+04 8.8074E+05
R2 8.7438E+02 4.3025E+03 9.1663E+03 1.5918E+05 2.1518E+04 9.0536E+05
π1 −1.8792E+07 −4.5884E+05 −2.0425E+05 −2.6578E+06 −1.0416E+05 −2.6562E+04
π2 −2.3032E+07 −5.5530E+05 −2.4635E+05 −3.2292E+06 −1.2709E+05 −3.3546E+04
π3 −1.8769E+07 −4.5843E+05 −2.0379E+05 −2.6520E+06 −1.0410E+05 −2.6551E+04
π4 −2.2999E+07 −5.5446E+05 −2.4571E+05 −3.2233E+06 −1.2677E+05 −3.3524E+04

Y1 5.4270E+01 2.0337E+03 4.5317E+03 1.3393E+05 1.0605E+04 5.0776E+05
Y2 6.8023E+02 7.9104E+03 1.7427E+04 3.0917E+05 4.0890E+04 1.8210E+06
Y3 1.7185E+03 2.2155E+04 5.7937E+04 6.2418E+05 1.5227E+05 5.0291E+06
Y4 3.7717E+03 1.9683E+04 3.8899E+04 8.8022E+05 8.4208E+04 4.1177E+06
Y5 2.5222E+01 2.9465E+02 7.6319E+02 4.7674E+04 2.0922E+03 1.7041E+05
W1 1.2300E−02 2.5134E−02 2.9807E−02 2.9760E−02 3.4539E−02 4.7022E−02
W2 3.3580E+01 5.1988E+01 6.0842E+01 6.5241E+01 7.3959E+01 1.3351E+02
W3 5.7326E−02 1.5976E−01 2.4101E−01 4.3295E−01 4.0730E−01 2.6102E+00
W2/W1 1.0786E+03 1.7139E+03 2.0858E+03 2.3338E+03 2.6522E+03 6.0090E+03
W3/W1 1.6144E+00 5.3063E+00 8.4496E+00 1.6224E+01 1.4996E+01 1.0431E+02
X3 4.0038E+01 7.9625E+02 2.3097E+03 1.9033E+04 6.0625E+03 1.9300E+05
EQUITY 1.5462E+03 7.1660E+03 1.3890E+04 1.7695E+05 2.9155E+04 1.1112E+06
NPER 0.0000E+00 5.2085E−03 1.1642E−02 1.6275E−02 2.2149E−02 7.7390E−02
TIME 8.1000E+01 8.1000E+01 8.1000E+01 8.1000E+01 8.1000E+01 8.1000E+01

ASSETS 1.3424E+04 6.3182E+04 1.2914E+05 1.9531E+06 2.9528E+05 1.2084E+07

NOTE: Dollar figures are given in thousands of constant 2015 dollars.
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Table B.5: Quantiles and Means for Variables used in Estimation, 2015.Q4

0.01 0.25 0.50 Mean 0.75 0.99

C1/W1 1.0626E+05 5.2067E+05 1.1119E+06 1.8666E+07 2.7318E+06 1.4240E+08
C2/W1 1.5534E+05 7.2978E+05 1.5695E+06 2.7335E+07 3.8389E+06 2.1414E+08
R1 5.8014E+02 3.8511E+03 7.8937E+03 1.2840E+05 1.7659E+04 7.9773E+05
R2 7.1519E+02 3.9455E+03 8.1673E+03 1.3408E+05 1.8168E+04 8.5243E+05
π1 −1.4195E+08 −2.7055E+06 −1.1025E+06 −1.8538E+07 −5.1543E+05 −1.0493E+05
π2 −2.1285E+08 −3.8207E+06 −1.5602E+06 −2.7206E+07 −7.2486E+05 −1.5328E+05
π3 −1.4187E+08 −2.7056E+06 −1.1027E+06 −1.8532E+07 −5.1549E+05 −1.0491E+05
π4 −2.1272E+08 −3.8207E+06 −1.5591E+06 −2.7201E+07 −7.2453E+05 −1.5328E+05

Y1 4.9869E+00 1.4729E+03 3.4275E+03 1.9185E+05 8.1038E+03 6.7945E+05
Y2 8.2713E+02 9.3589E+03 2.1943E+04 5.5048E+05 5.3645E+04 3.8193E+06
Y3 2.5233E+03 3.2677E+04 8.0097E+04 7.3225E+05 1.9746E+05 7.1351E+06
Y4 5.4605E+03 2.9490E+04 5.8854E+04 1.5083E+06 1.2884E+05 5.0939E+06
Y5 3.5752E+01 3.5377E+02 9.8589E+02 5.0507E+04 2.8920E+03 2.2895E+05
W1 7.0980E−04 2.6526E−03 3.9677E−03 4.3177E−03 5.6056E−03 1.1163E−02
W2 3.9563E+01 5.9819E+01 7.0071E+01 7.4142E+01 8.4415E+01 1.3954E+02
W3 5.9994E−02 1.5105E−01 2.2741E−01 4.4754E−01 3.9024E−01 3.7542E+00
W2/W1 5.9063E+03 1.2661E+04 1.8070E+04 2.4135E+04 2.7267E+04 1.1704E+05
W3/W1 9.7897E+00 3.5035E+01 6.2436E+01 1.4857E+02 1.2599E+02 1.5046E+03
X3 3.5086E+01 8.9979E+02 2.7917E+03 2.2944E+04 7.0597E+03 2.4833E+05
EQUITY 1.8127E+03 9.7273E+03 1.9529E+04 3.4081E+05 4.1760E+04 2.0533E+06
NPER 0.0000E+00 5.9330E−03 1.2205E−02 1.8037E−02 2.2530E−02 1.1501E−01
TIME 1.1700E+02 1.1700E+02 1.1700E+02 1.1700E+02 1.1700E+02 1.1700E+02

ASSETS 1.8508E+04 8.8917E+04 1.7926E+05 2.9854E+06 3.9060E+05 1.8417E+07

NOTE: Dollar figures are given in thousands of constant 2015 dollars.
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Table B.6: Quantiles and Means for Variables used in Estimation, All Quarters

0.01 0.25 0.50 Mean 0.75 0.99

C1/W1 1.7581E+04 7.7641E+04 1.7125E+05 3.4098E+06 4.4550E+05 2.3379E+07
C2/W1 2.0990E+04 9.3050E+04 2.0875E+05 4.8089E+06 5.6213E+05 3.0692E+07
R1 5.5909E+02 3.4482E+03 6.9426E+03 8.5015E+04 1.5174E+04 7.2486E+05
R2 8.0460E+02 3.6451E+03 7.2711E+03 9.1672E+04 1.5882E+04 7.7272E+05
π1 −2.2596E+07 −4.2852E+05 −1.6297E+05 −3.3248E+06 −7.3402E+04 −1.6517E+04
π2 −3.0026E+07 −5.4462E+05 −2.0024E+05 −4.7239E+06 −8.8673E+04 −1.9901E+04
π3 −2.2542E+07 −4.2761E+05 −1.6260E+05 −3.3181E+06 −7.3203E+04 −1.6476E+04
π4 −2.9967E+07 −5.4374E+05 −1.9993E+05 −4.7173E+06 −8.8490E+04 −1.9861E+04

Y1 7.9818E+01 2.2160E+03 5.1518E+03 9.6592E+04 1.2025E+04 7.0749E+05
Y2 5.6932E+02 6.3087E+03 1.3550E+04 2.4207E+05 3.1154E+04 1.8640E+06
Y3 7.1851E+02 1.1362E+04 3.1410E+04 3.4505E+05 8.7623E+04 3.3477E+06
Y4 4.1916E+03 1.8965E+04 3.7406E+04 5.6377E+05 8.0598E+04 3.6474E+06
Y5 2.9044E+01 2.4066E+02 5.9222E+02 2.5616E+04 1.6037E+03 1.4839E+05
W1 2.1543E−03 1.9285E−02 3.3102E−02 3.2665E−02 4.5244E−02 6.6601E−02
W2 2.8801E+01 4.3852E+01 5.2515E+01 5.6152E+01 6.4042E+01 1.2041E+02
W3 6.5227E−02 1.8211E−01 2.6997E−01 4.6718E−01 4.3943E−01 2.8289E+00
W2/W1 5.2789E+02 1.0499E+03 1.6292E+03 3.7772E+03 3.2204E+03 3.2890E+04
W3/W1 1.5785E+00 5.4754E+00 9.4494E+00 2.9362E+01 1.9831E+01 2.9017E+02
X3 3.0665E+01 5.4687E+02 1.5438E+03 1.4450E+04 4.1485E+03 1.6133E+05
EQUITY 8.6404E+02 4.7176E+03 9.5730E+03 1.1172E+05 2.0518E+04 8.5412E+05
NPER 0.0000E+00 7.8813E−03 1.6633E−02 2.5232E−02 3.1354E−02 1.5069E−01
TIME 1.0000E+00 2.2000E+01 4.8000E+01 5.1908E+01 8.0000E+01 1.1600E+02

ASSETS 1.0983E+04 4.8178E+04 9.7835E+04 1.2465E+06 2.1775E+05 9.9231E+06

NOTE: Dollar figures are given in thousands of constant 2015 dollars.
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Figure B.1: Density of (log) Total Assets of in 1986.Q4, 1996.Q4, 2006.Q4 and 2015.Q4
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NOTE: Solid line shows density for 1986.Q4; dashed line shows density for 1996.Q4; dotted
line shows density for 2006.Q4; and dash-dotted line shows density for 2015.Q4.

10



C Test of Translog Specifications

In order to provide a simple test of the translog specification for our cost, revenue, and profit

equations, we divide our data for each of 117 quarters (1986.Q4–2015.Q4) into two mutually

exclusive, collectively exhaustive subsamples containing (i) observations on banks with total

assets up to the median of total assets, and (ii) observations on banks with total assets greater

than the median of total assets (medians are over all banks within a given group). Thus for

each quarter we have two subsamples. For each model m ∈ {1, . . . , 8}, we specify a translog

form for the conditional mean function after omitting the time (T ) variable from the RHSs

of the models. For each subsample in each quarter, we estimate via ordinary least squares

(OLS) each of 8 models with translog specifications.

For a given quarter and a given model m, we obtain parameter estimates β̂mj and corre-

sponding covariance matrix estimates

Σ̂mj = (
nmj

nmj −Km

)(X ′mjXmj)
−1X ′mjdiag(ε̂2

mji)Xmj(X
′
mjXmj)

−1, (C.1)

where j ∈ {1, 2}, Xmj is the (nmj × Km) matrix of RHS variables (including interaction

terms) used in the translog specification and the ε̂mji are the OLS residuals for model m,

subset j. The factor (
nmj

nmj−Km ) scales up the usual White (1980) heteroskedasticity-consistent

covariance estimator as suggested by Davidson and MacKinnon (1993) to account for the fact

that squared OLS-estimated residuals tend to underestimate squares of true residuals.

Finally, for a given quarter and model, we compute the Wald statistic

Ŵ = (β̂m1 − β̂m2)′(Σ̂m1 + Σ̂m2)−1(β̂m1 − β̂m2) (C.2)

to test the null hypothesis H0 : βm1 = βm2 versus the alternative hypothesis H1 : βm1 6= βm2.

Rejection of the null provides evidence against the translog specification within a given group.

Using the sample described in Section 3, we obtain p-values for the 117× 8 = 936 Wald tests

ranging from 10−85.456 to 0.0514. Only 1 out of 936 p-values are greater than 0.05, and only

4 are greater than 0.01. The median p-value is 10−13.723 (i.e., essentially zero). Splitting the

data into 117× 2 = 234 cells allows the translog parameters to vary across quarters as well as

across bank-size. Even so, we find overwhelming evidence against the translog specification.
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D Details of Non-parametric Estimation and Inference

D.1 Dimension reduction

Non-parametric regression methods typically suffer from the well-known curse of dimension-

ality, a phenomenon that causes rates of convergence to become slower, and estimation error

to increase dramatically, as the number of continuous right-hand side variables increases (the

presence of discrete dummy variables does not affect the convergence rate of our estimator).

We use eigensystem analysis and principal components to help mitigate this problem. The

idea is to sacrifice a relatively small amount of information in the data to permit a reduction

in dimensionality that will have a large (and favorable) impact on estimation error.

We begin by applying marginal transformations to the continuous right-hand side RHS

variables in each model. The marginal transformations are chosen to yield distributions that

are approximately normal. For output quantities Y1, Y2, Y3 and Y5 we add 1 and then take

the (natural) logarithm. For Y4 we take the logarithm without adding 1. For the physical

capital variable X4 used in the first model, and for the normalized input price variables used

in each of the cost models, we take logarithms. We similarly take logarithms of the input

price variables (that are not normalized) in the revenue and profit models.

For an (n× 1) vector V define the function ψ1(·) : Rn 7→ Rn such that

ψ1(V ) ≡ (V − n−1i′V )
[
n−1V ′V − n−2V ′ii′V

]−1/2
(D.1)

where i denotes an (n × 1) vector of ones. The function ψ1(·) standardizes a variable by

subtracting its sample mean and then dividing by its sample standard deviation. We apply

this function to marginal transformations of the continuous RHS variables in each model.

For model j ∈ {1, . . . , 8}, let Kj be the number of continuous RHS variables, and let Aj

be the (n×Kj) matrix with columns containing the standardized, marginal transformations

of the continuous RHS variables in the given model. Let Λj be the (Kj ×Kj) matrix whose

columns are the eigenvectors of the correlation matrix of Pearson correlation coefficients for

pairs of columns of Aj, and let λjk be the eigenvalue corresponding to the kth eigenvector in

the kth column of Λj, where the columns of Λj, and their corresponding eigenvalues, have

been sorted so that λj1 ≥ . . . ≥ λjKj . Then let P j = AjΛj. The matrix P j has dimensions

(n×Kj), and its columns are the principal components of Aj. It is well-known that principal
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components are orthogonal. Moreover, for each k ∈ {1, 2, . . . , Kj}, the quantity

φjk =

∑k
`=1 λj`∑K
i=1 λji

(D.2)

represents the proportion of the independent linear information in Aj that is contained in the

first k principal components, i.e., the first k columns of P j.

Using the dataset described in Section 3, for models j ∈ {1, 2} and k ∈ {1, . . . , 10}
we find φj,k = 0.4004706, 0.6409254, 0.7411243, 0.8358076, 0.8875271, 0.9285652, 0.9551966,

0.9735527, 0.9886108 and 1.0000000. For the revenue and cost models (j ∈ {3, . . . , 8})
and k ∈ {1, . . . , 11} we find φj,k = 0.3714919, 0.5653879, 0.6641117, 0.7547991, 0.8381867,

0.8969946, 0.9292129, 0.9531239, 0.9751464, 0.9888575 and 1.0000000. As discussed in Section

3, we use the first 6 principal components in each case, omitting the last 4 in models 1–2, and

the last 5 in models 3–8. In doing so, we sacrifice a relatively small amount of information,

while retaining 89.7 to 93.2 percent of the independent linear information in the sample, in

order to reduce the dimensionality of our estimation problem by 6 or 7 dimensions in the

space of the continuous covariates. We regard this as a worthwhile trade-off given the curse

of dimensionality.

Now write model j, j ∈ {1, . . . , 8} from the list of models given in Section 3 as

Yji = mj(Xji) + εi (D.3)

where Yji is the ith observation, i = 1, . . . , n on left-hand side (LHS) variable in model j

and Xji is the vector of ith observations on Kj continuous RHS variables in model j. Let

Yj =
[
Yji . . . Yjn

]′
. Define functions ψ2(·) : Rn 7→ Rn such that

ψ2(V ) := ψ1 (log(V −min(V ) + 1)) (D.4)

and ψ3(·) : Rn 7→ Rn such that

ψ3(V ) := V /IQR(V ) (D.5)

where IQR(V ) gives the inter-quartile range of the elements of V .

Instead of estimating (D.3) directly, we estimate the model

Y+
ji = m+

j (X+
ji) + ξi (D.6)
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where E(ξi) = 0, VAR(ξi) = σ2(X+
ji), Y

+
ji is the ith element of the (n×1) vector Y+

j = ψ2(Yji)

for the cost models (j ∈ {1, 2}) or Y+
j = ψ3(Yji) for the revenue and profit models (j ∈

{3, . . . , 8}), X+
ij is the row vector containing the ith observations on ψ4(P j,·1), . . . , ψ4(P j,·6),

with P j,·k denoting the kth column of the principal component matrix P j and ψ4(·) : Rn 7→ Rn

such that

ψ4(P j,·k) := P j,·k
[
n−1P ′j,·kP j,·k − n−2P ′j,·kii

′P j,·k
]−1/2

. (D.7)

The transformation ψ4(P j,·k) of P j,·k has (constant) unit variance. Moreover, all of the

transformations that have been introduced can be inverted. Hence, given estimated val-

ues M̂
+

=
[
m̂+
j (X+

j1) . . . m̂+
j (X+

jn

]′
, straightforward algebra yields estimated or predicted

values

Ŷji =
[
Ŷj1 . . . Ŷjn

]′
= ψ−1

2

(
M̂

+
)
. (D.8)

As discussed below, we use a local linear estimator to estimate m+
j (X+

ji). Although this

estimator is weakly consistent, it is asymptotically biased. Moreover, even if m̂+
j (X+

ji) were

unbiased, use of the nonlinear transformation in (D.8) means that Ŷji obtained from (D.8)

would not, in general, be unbiased because of the linearity of the expectations operator.

Furthermore, even if an unbiased estimator of Ŷji were available, plugging such an estimator

into the returns-to-scale measures EC,i, ER,i, and Eπ,i defined in Section 2 to obtain estimators

ÊC,i, ÊR,i, and Êπ,i involves additional nonlinear transformations. Fortunately, any bias in the

resulting estimates ÊC,i, ÊR,i, and Êπ,i can be corrected while making inference about returns

to scale; as discussed below in Section D.3, we employ a bias-corrected bootstrap method

when estimating confidence intervals for our returns-to-scale measures.

D.2 Non-parametric estimation of conditional mean functions

Local polynomial estimators are discussed by Fan and Gijbels (1996), and are a generalization

of the Nadaraya-Watson (Nadaraya, 1964; Watson, 1964) kernel estimator which amounts to

fitting locally a polynomial of order p = 0. The local-linear estimator that we employ has

less bias, but no more variance than the Nadaraya-Watson estimator; see Fan and Gijbels for

explanation.

We specify the kernel function K(·) : R` 7→ R1
+ needed by the local linear estimator as an
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`-variate, spherically symmetric Epanechnikov kernel with a single, scalar bandwidth h0; i.e.,

K(t) =
`(`+ 2)

2S`
(1− tt′)1(tt′ ≤ 1) (D.9)

where 1(·) again represents the indicator function, S` = 2π`/2/Γ(`/2), and Γ(·) denotes the

gamma function (recall that for each of the transformed models represented by (D.6), ` = 6).

The spherically symmetric Epanechnikov kernel is optimal in terms of asymptotic minimax

risk; see Fan et al. (1997) for details and a proof.

Note that the principal components transformation pre-whitens the data; in addition,

the principal components are orthogonal. These two facts allow us to work with a single

bandwidth rather than a vector or matrix of bandwidths. Moreover, we use an is an adaptive,

scalar-valued bandwidth h(X+
0 ) that depends on the point (X+

0 ) in the space of the continuous,

transformed RHS variables where the conditional mean function is to be evaluated as explained

below.

D.3 Practical issues for implementation

To implement our estimator, optimize the bandwidth h(X+
0 ). All of the right-hand side

variables X+
0 are continuous, but the sparseness of the data varies. Hence we use an adaptive,

nearest-neighbor bandwidth. We define h(X+
0 ) for any particular point X+

0 ∈ R` as the

maximum Euclidean distance between X+
0 and the κ nearest points in the observed sample

{X+
ji}ni=1, κ ∈ {2, 3, 4, . . .}. Thus, given the data and the point X+

0 , the bandwidth h(X+
0 ) is

determined by κ, and varies depending on the density of the continuous explanatory variables

locally around the point X+
0 ∈ R` at which the conditional mean function is estimated. This

results in a bandwidth that is increasing with decreasing density of the data around the point

of interest, X+
0 . More smoothing is required where data are sparse than where data are dense;

our nearest-neighbor bandwidth adapts automatically to the density of the data.

Note that we use a nearest-neighbor bandwidth rather than a nearest-neighbor estimator.

The bandwidth is used inside a kernel function, and the kernel function integrates to unity.

Loftsgaarden and Quesenberry (1965) use this approach in the density estimation context to

avoid nearest-neighbor density estimates (as opposed to bandwidths) that do not integrate to

unity (see Pagan and Ullah, 1999, pp. 11-12 for additional discussion). Fan and Gijbels (1994;

1996, pp. 151–152) discuss nearest-neighbor bandwidths in the regression context.
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As a practical matter, for models j ∈ {1, . . . , 8} we optimize κj by minimizing a least-

squares cross-validation function; i.e., we select

κj = argmin
κj

n∑
i=1

[
Y+
ji − m̂+

j,−i(X
+
ji)
]2
, (D.10)

where m̂+
j,−i(X

+
ji) is computed the same way as m̂+

j j(X
+
ji), except that the ith observation is

omitted. The least-squares cross validation function approximates the part of mean integrated

square error that depends on the bandwidths.1

Once appropriate values of the bandwidth parameters have been selected, the conditional

mean function can be estimated at any point X+
0 ∈ R`. We then estimate the returns-to-scale

measures defined in the text by replacing the cost terms with estimates obtained from the

relation (D.8). To make inferences about returns to scale, we use the wild bootstrap proposed

by Härdle (1990) and Härdle and Mammen (1993).2 After B replications, we obtain a set

bootstrap estimates
{
m̂∗j,b(·)

}B
b=1

, which we substitute into the definitions of the returns-to-

scale measures given in the text. Letting S denote the relevant returns-to-scale measure, we

have the original estimate Ŝ and the bootstrap estimates
{
Ŝb
}B
b=1

. to obtain bootstrap values

Ŝ∗b and Ê∗b for particular values of X+, with b = 1, . . . , B.

To make inference about S, we use the bias-correction method described by Efron and

Tibshirani (1993). In particular, we estimate (1 − α) × 100-percent confidence intervals by(
Ŝ∗(α1), Ŝ∗(α2)

)
, where Ŝ∗(α) denotes the α-quantile of the bootstrap values Ŝ∗b , b = 1, . . . , B,

and

α1 = Φ

(
ϕ̂0 +

ϕ̂0 + ϕ(α/2)

1− ϕ̂0 + ϕ(α/2)

)
, (D.11)

α2 = Φ

(
ϕ̂0 +

ϕ̂0 + ϕ(1−α/2)

1− ϕ̂0 + ϕ(1−α/2)

)
, (D.12)

1 Choice of κ by cross validation has been proposed by Fan and Gijbels (1996) and has been used by
Wheelock and Wilson (2001, 2001, 2011, and 2012), Wilson and Carey (2004), and others. Time required to
compute the cross validation function once is of order O(n2), and it must be computed many times in order
to find optimal values of the bandwidths. With almost one million observations, this presents a formidable
computational burden. However, the problem is trivially parallel; using np CPUs, the computation time
required for each evaluation of the cross-validation function is only slightly more than 1/np times the time
that would be required on a single processor. We performed all computations on the Palmetto cluster operated
by Clemson University’s Cyber Infrastructure Technology Integration (CITI) group.

2 Ordinary bootstrap methods are inconsistent in our context due to the asymptotic bias of the estimator;
see Mammen (1992) for additional discussion.
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Φ(·) denotes the standard normal distribution function, ϕ(α) is the (α× 100)-th percentile of

the standard normal distribution, and

ϕ̂0 = Φ−1

(
#{Ŝ∗b < Ŝ}

B

)
, (D.13)

with Φ−1(·) denoting the standard normal quantile function (e.g., Φ−1(0.95) ≈ 1.6449).
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E Additional Results

Tables E.1–E.24 show additional results not appearing in the paper. To facilitate comparison,

Tables E.4 and E.14 are included here, even though the same tables appear as Tables 1 and

4 in the paper.

Tables E.1 gives percentiles and means for estimates of the returns to scale indices EC,i,
ER,i and Eπ,i for quarters 1986.Q4, 1996.Q4, 2006.Q4 and 2015.Q4. Table E.2 gives counts of

institutions facing IRS, CRS, or DRS in each of the four quarters examined. Results are given

for .1, .05 and .01 significance; counts of institutions facing CRS include those for which CRS

could not be rejected in favor of either IRS or DRS. Tables E.3–E.5 give counts at .1, .05 and

.01 significance similar to those in Table E.2, but broken into quartiles of institutions’ sizes as

measured by their total assets.

Tables E.6–E.9 give estimates of the pseudo-elasticities given by (1−EC,i)δ, (1+ER,i)δ and

(1 + Eπ,i)δ for the 100 largest banks in each quarter 1986.Q4, 1996.Q4, 2006.Q4 and 2015.Q4

instead of only the 10 largest banks as in in Tables 2–3 of the paper.

Tables E.10–E.11 give the estimates of the RTS statistics EC,i, ER,i and Eπ,i or the 10

largest institutions in each of the four quarters examined. These estimates correspond to the

estimates of the pseudo-elasticities given by (1 − EC,i)δ, (1 + ER,i)δ and (1 + Eπ,i)δ displayed

in Tables 2–3 of the paper.

Table E.12 gives, for significance levels .1, .05 and .01, counts of institutions appearing in

both 2006.Q3 and 2015.Q4 and which have a statistically significant change in their estimated

RTS. These counts are broken down by direction, i.e., whether institutions increased or de-

creased their RTS. Tables E.13–E.15 give similar information for the 10 largest institutions

(in terms of total assets) for significance levels .1, .05 and .01.

Tables E.16–E.24 show transition matrices for each of the 8 models estimated and giving

the numbers of institutions facing IRS, CRS, or DRS in 2006.Q4 versus 2015.Q4.
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Table E.1: Quantiles and Means for Estimates of Returns to Scale Indices

Model LHS Period 0.01 0.25 0.50 Mean 0.75 0.99

1 C1/W1 1986.Q4 −0.0482 −0.0059 0.0060 0.0062 0.0180 0.0626
1996.Q4 −0.0842 −0.0160 0.0054 0.0047 0.0262 0.0895
2006.Q4 −0.0866 −0.0154 0.0059 0.0060 0.0273 0.0917
2015.Q4 −0.1026 −0.0156 0.0117 0.0106 0.0388 0.1140

2 C2/W1 1986.Q4 −0.0505 −0.0069 0.0065 0.0066 0.0198 0.0667
1996.Q4 −0.0945 −0.0193 0.0046 0.0036 0.0275 0.0973
2006.Q4 −0.0960 −0.0172 0.0067 0.0059 0.0293 0.0966
2015.Q4 −0.1089 −0.0155 0.0135 0.0120 0.0419 0.1181

3 R1 1986.Q4 −0.1210 −0.0186 −0.0055 0.0050 0.0086 0.2587
1996.Q4 −0.0930 −0.0152 −0.0036 0.0058 0.0080 0.0820
2006.Q4 −0.1029 −0.0190 −0.0041 −0.0047 0.0097 0.0892
2015.Q4 −0.0933 −0.0217 −0.0064 −0.0058 0.0088 0.0893

4 R2 1986.Q4 −0.1023 −0.0182 −0.0049 0.0018 0.0082 0.1343
1996.Q4 −0.1003 −0.0171 −0.0032 −0.0028 0.0108 0.0867
2006.Q4 −0.1073 −0.0212 −0.0043 −0.0021 0.0127 0.1011
2015.Q4 −0.1016 −0.0225 −0.0053 −0.0028 0.0114 0.1201

5 π1 1986.Q4 −0.7191 −0.0357 −0.0011 0.0771 0.0405 1.0819
1996.Q4 −0.1329 −0.0193 0.0009 0.0163 0.0236 0.3351
2006.Q4 −0.1731 −0.0228 0.0028 0.0306 0.0301 0.5844
2015.Q4 −0.1144 −0.0244 −0.0039 −0.0011 0.0170 0.1303

6 π2 1986.Q4 −0.7718 −0.0365 0.0034 0.0456 0.0562 1.8145
1996.Q4 −0.1862 −0.0197 0.0047 0.0407 0.0314 0.7837
2006.Q4 −0.2652 −0.0220 0.0072 0.0764 0.0431 1.1727
2015.Q4 −0.1420 −0.0212 0.0048 0.0158 0.0309 0.5001

7 π3 1986.Q4 −0.1529 −0.0256 −0.0017 −0.0245 0.0246 0.3762
1996.Q4 −0.1117 −0.0198 0.0019 0.0134 0.0254 0.2419
2006.Q4 −0.1326 −0.0217 0.0044 0.0205 0.0324 0.3601
2015.Q4 −0.1219 −0.0244 −0.0030 0.0002 0.0204 0.1666

8 π4 1986.Q4 −0.2791 −0.0229 0.0026 0.0539 0.0346 1.0055
1996.Q4 −0.1232 −0.0141 0.0059 0.0547 0.0278 0.6802
2006.Q4 −0.1442 −0.0144 0.0089 0.0800 0.0366 0.9155
2015.Q4 −0.1240 −0.0178 0.0056 0.0341 0.0313 0.4635
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Table E.2: Counts of Institutions Facing IRS, CRS, and DRS

.1 signif. .05 signif. .01 signif.
Model LHS Period IRS CRS DRS IRS CRS DRS IRS CRS DRS

1 C1/W1 1986.Q4 4774 5477 74 3830 6445 50 2278 8019 28
1996.Q4 3076 4313 202 2465 4987 139 1453 6053 85
2006.Q4 2697 3432 153 2209 3952 121 1406 4794 82
2015.Q4 2371 2275 192 2088 2590 160 1542 3183 113

2 C2/W1 1986.Q4 4680 5567 78 3733 6539 53 2136 8157 32
1996.Q4 2929 4455 207 2302 5136 153 1307 6195 89
2006.Q4 2657 3465 160 2184 3983 115 1377 4821 84
2015.Q4 2442 2215 181 2136 2558 144 1576 3170 92

3 R1 1986.Q4 2065 7462 798 1419 8240 666 672 9113 540
1996.Q4 1725 5408 458 1197 6028 366 560 6757 274
2006.Q4 1474 4231 577 1030 4781 471 517 5401 364
2015.Q4 1195 2635 1008 957 2968 913 577 3475 786

4 R2 1986.Q4 2120 7380 825 1466 8177 682 720 9057 548
1996.Q4 1811 5389 391 1300 5975 316 607 6745 239
2006.Q4 1584 4213 485 1164 4707 411 551 5404 327
2015.Q4 1286 2688 864 1038 3026 774 653 3507 678

5 π1 1986.Q4 2852 7198 275 1933 8160 232 817 9319 189
1996.Q4 2354 4990 247 1727 5663 201 780 6649 162
2006.Q4 2102 3941 239 1609 4476 197 814 5318 150
2015.Q4 1396 2785 657 1103 3147 588 643 3703 492

6 π2 1986.Q4 3371 6643 311 2504 7557 264 1248 8861 216
1996.Q4 2838 4385 368 2177 5102 312 1220 6120 251
2006.Q4 2552 3446 284 2061 3982 239 1293 4785 204
2015.Q4 1956 2326 556 1615 2721 502 1039 3359 440

7 π3 1986.Q4 2789 7119 417 1980 7989 356 930 9121 274
1996.Q4 2473 4895 223 1823 5584 184 872 6568 151
2006.Q4 2257 3790 235 1736 4346 200 878 5246 158
2015.Q4 1524 2738 576 1230 3096 512 759 3628 451

8 π4 1986.Q4 3452 6390 483 2609 7302 414 1429 8552 344
1996.Q4 3076 4170 345 2422 4873 296 1402 5938 251
2006.Q4 2834 3149 299 2352 3665 265 1498 4561 223
2015.Q4 2110 2188 540 1803 2554 481 1216 3192 430
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Table E.12: Numbers of Significant Changes in RTS Elasticities from 2006.Q4 to 2015.Q4

.1 signif. .05 signif. .01 signif.
Model Change RTS↑ RTS↓ Change RTS↑ RTS↓ Change RTS↑ RTS↓

1 3228 1765 1463 3064 1686 1378 2791 1552 1239

2 3195 1784 1411 3031 1704 1327 2702 1538 1164

3 2444 1162 1282 2194 1033 1161 1805 841 964

4 2653 1260 1393 2448 1155 1293 2123 1001 1122

5 1427 589 838 1210 493 717 896 364 532

6 1483 702 781 1260 594 666 935 431 504

7 2260 956 1304 2004 849 1155 1593 656 937

8 2108 995 1113 1843 860 983 1485 690 795

NOTE: For each level of significance, “Change” gives the number of cases among 4148 banks
in 2015.Q4 that also appear in 2006.Q4 and for which the estimated elasticities in Table 3
significantly differ between 2006.Q4 and 2015.Q4. Columns labelled “RTS↑” and “RTS↓” give
counts of banks where returns to scale improve and worsen, respectively.
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Table E.16: Transition Matrices, 2006.Q4 to 2015.Q4, Cost Models, .1 Significance

Model 1 (dep. var. C1):

IRS CRS DRS Total
IRS 866 803 47 1716
CRS 1085 1143 96 2324
DRS 52 45 11 108
Total 2003 1991 154 4148

Model 2 (dep. var. C2):

IRS CRS DRS Total
IRS 883 752 49 1684
CRS 1130 1138 88 2356
DRS 51 45 12 108
Total 2064 1935 149 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.
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Table E.17: Transition Matrices, 2006.Q4 to 2015.Q4, Revenue Models, .1 Significance

Model 3 (dep. var. R1):

IRS CRS DRS Total
IRS 295 536 182 1013
CRS 714 1601 485 2800
DRS 53 143 139 335
Total 1062 2280 806 4148

Model 4 (dep. var. R2):

IRS CRS DRS Total
IRS 327 611 145 1083
CRS 761 1607 426 2794
DRS 44 114 113 271
Total 1132 2332 684 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.
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Table E.18: Transition Matrices, 2006.Q4 to 2015.Q4, Profit Models, .1 Significance)

Model 5 (dep. var. π1):

IRS CRS DRS Total
IRS 441 793 145 1379
CRS 783 1566 296 2645
DRS 16 38 70 124
Total 1240 2397 511 4148

Model 6 (dep. var. π2):

IRS CRS DRS Total
IRS 787 767 106 1660
CRS 963 1144 213 2320
DRS 15 51 102 168
Total 1765 1962 421 4148

Model 7 (dep. var. π3):

IRS CRS DRS Total
IRS 524 877 131 1532
CRS 799 1441 252 2492
DRS 19 33 72 124
Total 1342 2351 455 4148

Model 8 (dep. var. π4):

IRS CRS DRS Total
IRS 943 806 111 1860
CRS 927 1002 198 2127
DRS 16 43 102 161
Total 1886 1851 411 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.
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Table E.19: Transition Matrices, 2006.Q4 to 2015.Q4, Cost Models, .05 Significance

Model 1 (dep. var. C1):

IRS CRS DRS Total
IRS 640 716 30 1386
CRS 1073 1514 88 2675
DRS 41 37 9 87
Total 1754 2267 127 4148

Model 2 (dep. var. C2):

IRS CRS DRS Total
IRS 645 690 28 1363
CRS 1124 1500 82 2706
DRS 35 38 6 79
Total 1804 2228 116 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.
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Table E.20: Transition Matrices, 2006.Q4 to 2015.Q4, Revenue Models, .05 Significance

Model 3 (dep. var. R1):

IRS CRS DRS Total
IRS 167 427 112 706
CRS 645 2032 494 3171
DRS 33 120 118 271
Total 845 2579 724 4148

Model 4 (dep. var. R2):

IRS CRS DRS Total
IRS 197 509 92 798
CRS 692 2004 426 3122
DRS 30 103 95 228
Total 919 2616 613 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.
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Table E.21: Transition Matrices, 2006.Q4 to 2015.Q4, Profit Models, .05 Significance

Model 5 (dep. var. π1):

IRS CRS DRS Total
IRS 266 688 93 1047
CRS 709 1994 296 2999
DRS 11 31 60 102
Total 986 2713 449 4148

Model 6 (dep. var. π2):

IRS CRS DRS Total
IRS 531 723 72 1326
CRS 918 1545 217 2680
DRS 7 44 91 142
Total 1456 2312 380 4148

Model 7 (dep. var. π3):

IRS CRS DRS Total
IRS 319 753 88 1160
CRS 756 1878 249 2883
DRS 10 29 66 105
Total 1085 2660 403 4148

Model 8 (dep. var. π4):

IRS CRS DRS Total
IRS 681 798 73 1552
CRS 923 1329 198 2450
DRS 10 40 96 146
Total 1614 2167 367 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.

51



Table E.22: Transition Matrices, 2006.Q4 to 2015.Q4, Cost Models, .01 Significance

Model 1 (dep. var. C1):

IRS CRS DRS Total
IRS 311 526 13 850
CRS 952 2215 73 3240
DRS 22 28 8 58
Total 1285 2769 94 4148

Model 2 (dep. var. C2):

IRS CRS DRS Total
IRS 313 507 11 831
CRS 975 2226 58 3259
DRS 19 34 5 58
Total 1307 2767 74 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.
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Table E.23: Transition Matrices, 2006.Q4 to 2015.Q4, Revenue Models, .01 Significance

Model 3 (dep. var. R1):

IRS CRS DRS Total
IRS 52 234 52 338
CRS 449 2693 458 3600
DRS 7 100 103 210
Total 508 3027 613 4148

Model 4 (dep. var. R2):

IRS CRS DRS Total
IRS 63 259 46 368
CRS 498 2697 406 3601
DRS 11 86 82 179
Total 572 3042 534 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.

53



Table E.24: Transition Matrices, 2006.Q4 to 2015.Q4, Profit Models, .01 Significance

Model 5 (dep. var. π1):

IRS CRS DRS Total
IRS 84 396 43 523
CRS 480 2793 276 3549
DRS 4 19 53 76
Total 568 3208 372 4148

Model 6 (dep. var. π2):

IRS CRS DRS Total
IRS 232 546 36 814
CRS 705 2291 219 3215
DRS 1 38 80 119
Total 938 2875 335 4148

Model 7 (dep. var. π3):

IRS CRS DRS Total
IRS 110 417 44 571
CRS 554 2692 247 3493
DRS 4 21 59 84
Total 668 3130 350 4148

Model 8 (dep. var. π4):

IRS CRS DRS Total
IRS 318 607 40 965
CRS 777 2077 202 3056
DRS 5 36 86 127
Total 1100 2720 328 4148

NOTE: For each transition matrix, rows correspond to RTS in 2006.Q4 and columns corre-
spond to RTS in 2015.Q4.
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